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President-MACDONALD CRITCHLEY, M.D., F.R.C.P. [November 6, 1952] MEETING HELD AT THE NATIONAL HOSPITAL, QUEEN SQUARE, LONDON, W.C. I Chronic Changes in the Central Nervous System following Thorotrast Ventriculography By ROBERT HUGHES, M.D., M.R.C.P.
Neurological Clinic, Royal Southern Hospital, Liverpool SINCE it was first introduced by Bluhbaum, Frik and Kalkbrenner (1928) Thorotrast has been used as a contrast medium for a variety of diagnostic radiological procedures. This preparation is a colloidal suspension of thorium dioxide; when introduced into the blood stream it is taken up by the reticuloendothelial system (particularly the spleen, liver, bone-marrow and lungs) and is retained permanently within the body; little or no excretion appears to take place.
As Martland and Humphries (1929) had described the occurrence of malignant disease in dial painters using luminous paint containing radium and mesothorium, almost from the first the advisability of injecting a radioactive substance such as Thorotrast was questioned and an extensive literature rapidly appeared citing the advantages and disadvantages of this material. With experimental animals, toxic effects due to the radioactivity of Thorotrast were easily demonstrated but these have proved comparatively uncommon in man as Thorotrast has usually been used in the diagnosis of conditions which later proved fatal. Sarcoma of the liver following Thorotrast injection was described by MacMahon, Murphy and Bates (1947) , marrow aplasia by Schmitt, Schulte and Lapp (1950) and carcinoma of the lung by Abrahamson, O'Connor and Abrahamson (1950) . It would seem likely that some of the early toxic effects may be mechanical in origin or due to the toxicity of the heavy metal. If any of the material leaks into the subcutaneous tissues there is usually considerable pain and a large mass of fibrous tissue forms in which are numerous phagocytes containing Thorotrast; such cases have been reported by Ziffren (1940) and Schumann (1943) . Whitaker, Davie and Murgatroyd (1933) described cloudy swelling of the liver cells shortly after Thorotrast was injected intraveifously. In 1932 the Council on Pharmacy and Chemistry of the American Medical Association decided against th-e intravenous use of the drug in the larger dosage necessary for visualization of the liver and spleen.
In the field of neurology and neurosurgery Thorotrast has played a most important part; Moniz used this substance almost exclusively in the development of cerebral angiography. It was first introduced into the subarachnoid space by Radovici and Meller (1932) ; in this country Twining and Rowbotham (1935) described a method of using both air and Thorotrast to outline the cerebral ventricles but this technique was soon abandoned owing to the aseptic meningeal reaction which frequently followed.
In the following case Thorotrast had been injected into the cerebral ventricles for radiological purposes, there was no immediate toxic reaction but thirteen years later evidence of neurological damage became apparent. I have not been able to discover any similar case in the literature.
The patient was a male who in 1938 was aged 22 years. He at this time reported to an ophthalmologist with headaches of three months' duration and was found to have a mild bilateral papilleedema (R. 1 D, L. 21 D). He was then referred to a neurological clinic for further investigations; clinical examination showed no other evidence of neurological damage and other systems were normal. Skull X-ray normal. Blood W.R. negative. C.S.F. normal (except for some red blood cells). Air encephalogram was reported as showing some displacement of the frontal horns of both ventricles to the right side. On 28.3.38 a Thorotrast ventriculogram was carried out, 5 c.c. of Thorotrast being injected into the lateral ventricle (the side into which the injection was made is uncertain); it was again reported that the ventricular system was displaced to the right side. On the following day the patient's temperature increased to 101-40 F. but no other toxic effect was noted.
MAR.-NEUROL. 1 6 Although a diagnosis of intracranial tumour was made, for some reason which is not clear no surgical procedure was attempted. He was discharged from the hospital on 11.4.38 and kept under observation in the but-patient department up to 5.7.38; it was then noted that he had not been vomiting during the past two weeks, the headaches had improved, the changes in the discs had improved but they were not yet normal.
On 22.11.38 the patient was seen as an out-patient at another hospital in the area; he was still complaining of headaches and vomiting, the left disc was still blurred but no other abnormality could be found.
The patient returned to his usual occupation as a tailor's presser and over the succeeding months his headaches gradually subsided. He served in the Army from 1940-48. He served in India for five years and was finally discharged in Medical Category A 1 with the rank of W.O.2.
On 14.8.51 patient reported to the Neurological Clinic at the Royal Southern Hospital, Liverpool, complaining that for four months he had noticed urinary frequency, incontinence after taking large quantities of fluid and nocturnal enuresis. He complained of slight swelling of the lower abdomen and slight numbness of the left buttock. There was no disturbance of the sexual functions.
On examination, it was found that he bad a low cauda equina lesion; there was complete loss of all forms of superficial sensation in the fourth sacral segment and below, the anal canal was patulous, anal sensation was lost and three fingers could be inserted into the anus without causing discomfort. The anal and bulbocavernosus reflexes were lost. The bladder was distended to the umbilicus. No other abnormality was found in the nervous system. The lungs and heart were normal. The blood pressure was 130/80.
The patient was admitted to the hospital and a suprapubic catheter was inserted as an emergency measure. Microscopical examinationshowed that he had a B. coli urinary infection; this was treated with a sulphonamide compound. On X-ray of the skull it was found that some Thorotrast still remained within the cranium and on air encephalography this was found to be in the more dependent parts of the lateral ventricles, largely on the floor of the anterior horns, bodies and posterior horns. The air picture showed a moderate degree of symmetrical hydrocephalus involving the lateral and third ventricles. X-ray of the lumbo-sacral region of the spine showed that there was also a small pool of Thorotrast at the lower end of the spinal theca and that in addition the dye had formed a thin layer over the dura for several inches above this (see Figs. 1 to 5).
On lumbar puncture the C.S.F. pressure was 70 mm. and there was a normal response to jugular compression.
The fluid contained 3 red cells and 1 white cell per c.mm., 100 mg. % protein; there was no increase in globulin;
Lange curve 1 10000000. The Wassermann reaction was negative in both blood and C.S.F. Serum nonprotein nitrogen 30 mg. % Chest X-ray normal. A cystoscopy was performed by Mr. Cosbie Ross, and rigidity, bullous cedema and induration of the bladder neck and base of the bladder were found. There was some trabeculation and a tendency to median bar formation. A cysto-urethrogram showed narrowing of the prostatic urethra, especially in the region of the internal sphincter. Resection of the bladder neck was carried out with a cold punch.
The patient was discharged from hospital on 26.10.51 at which time his suprapubic wound had healed and his residual urine measured only 7 oz.
The radioactivity of the patient was investigated by Dr. J. S. Fulton and Dr. W. Kulke of the Liverpool Radium Institute who reported as follows:
The attempts to measure the radioactivity of this patient's returned Thorotrast were divided into two: (1) Alpha particle measurement.
(2) Gamma ray detection. (I) The fifth product in the disintegration series of thorium is thoron-a radioactive gas which emits alpha particles detectable in the expired air. The measurements were performed at Harwell by Dr. J. Sharpe using the method and apparatus described by Ward and Jensen (1951) . 425 atoms of thoron were detected in each litre of expired air. From this figure and the assumption quoted in the paper that 1 % of the thoron is expired, the amount of thorium was calculated to be 0-68 gramme which gives a figure of 5 16 c.c. of Thorotrast within the patient.
(2) The gamma rays arising during the disintegration of the thorium series come from mesothorium 11, 0-06 to 0-9 Mev, radiothorium 0-8 Mev and thorium C" 2*6 Mev. Many attempts to measure these rays have been made. Geiger Muller counters G.M.4 and G.M.10 have been tried, as well as a scintillation counter designed by Mr. Herbert, having an improved background and sensitivity. 100 minute counts were recorded on occasions but no readings of statistical significance were obtained.
More recently Dr. T. A. Chalmers suggested measuring the volume of Thorotrast showing in the radiographs by comparing the density with known amounts of Thorotrast included in the radiograph. Continuous and step wedges of Thorotrast were used but interpretation was not successful, and the method was replaced by one in which the radio-opaque areas were accurately traced on to millimetre-squared paper and the area and volume of each opacity obtained.
This gave a value of I 5 to 2 c.c. of Thorotrast in the skull and 1-0 to I 5 c.c. in the cauda equina region. These are minimal values and indicate at least 3 c.c. of Thorotrast within the body. Work is at present in progress to determine the minimum amount of Thorotrast which in a body phantom could be detected by its gamma-ray emission.
Radiographs of the patient's liver and spleen showed no increase in density suggestive of Thorotrast deposit in these regions, and no radioactivity was detected over these organs.
It-would appear from these measurements that practically all the original 5 c.c. of Thorotrast is still within the patient.
Few references occur in the literature to similar attempts at measurement of radioactivity of Thorotrast. Taft (1937) demonstrated the gamma radiation from the liver area of a patient who had had 75 c.c. of Thorotrast injected intravenously. He estimated that this was equivalent to the radiation from 1-37 ,ug. of radium. At autopsy he showed 50% of the original dose to be in the liver and 12% in the spleen.
Kantzmann, Gros and Meyer (1950) describe measurements on 2 cases of perivascular injections where counts ranging from 4 to 9 x 10-10 r/sec. were obtained, over liver, spleen and injection sites. Struppler (1952) describes a thorotrastoma developing after arteriography with 30 c.c. of Thorotrast into both carotid arteries. From his measurements twenty-three years after the injections he considers that several thousand roentgen may be delivered by alpha irradiation of the immediate surroundings. From physical principles Dr. Chalmers has calculated that 1 gramme of thorium distributed through 100 grammes of wet tissue for twenty years would deliver approximately 1,000 roentgens to that tissue. I have not been able to find an article dealing with the measurement of Thorotrast in the cerebral ventricles or spinal cord.
Ward and Jensen (1952) describe "an apparatus designed for large measurements on patients contaminated by thorium".
Their results will probably be the leading paper at one of the General Meetings at the 1953 International Congress of Radiology at Copenhagen (1952, Brit. J. Radiol., 25, 588) devoted to "Contrast media in diagnosis and risks associated therewith". DISCUSSION
The fate of Thorotrast introduced into the subarachnoid space and the histological changes produced were recorded early by Radovici and Meller (1932) and Wustmann (1933) . These authors showed that the substance outlined the various parts of the brain and followed the prolongations of the subarachnoid space; owing to its high specific gravity the Thorotrast had a tendency to collect in the more dependent situations. Immediately after the drug was injected a meningeal reaction was produced, macrophages were mobilized to ingest the dye resulting in increase in thickness of the pia mater. Excretion of the drug from the subarachnoid space was insignificant and it was found that it remained both there and within the cerebral ventricles permanently.
Alexander, Jung and Lyman (1934) described similar changes when Thorotrast was injected into the lateral ventricle of the dog and also noted histological changes when the drug was injected into the brain substance. Freeman, Schoenfield and Moore (1936) described the histological changes found in patients who had died at varying intervals after Thorotrast ventriculography and were of the opinion that while an inflammatory reaction was produced in the ventricles and subarachnoid space, this was transient so long as there was no obstruction to the flow of cerebrospinal fluid. They felt that it was safe to inject the drug into the cerebral ventricles. The transient nature of the reaction has not been confirmed by other workers either in the experimental animal or in man. Benes (1939) described the histological changes found in a 5-year-old girl who died twenty-seven days after Thorotrast ventriculography; despite the fact that there was no obstruction to the flow of cerebrospinal fluid a large amount of Thorotrast was present in macrophages in the ventricles and in the subarachnoid space and extensive desquamation of the ependyma of the ventricles had taken place.
In a comprehensive review of the use of Thorotrast for ventriculography and encephalography Reeves and Stuck (1938) stressed the serious inflammatory reaction which might be produced. Working with dogs, cats and monkeys they showed that hydrocephalus of a marked degree could be produced within as short a period as three months. They concluded:
"Because of the indefinite retention of Thorotrast in the subarachnoid spaces, affording the possible development of cicatrices, its presence in the optic and other cranial nerves, as well as its location in the internal ear, with obvious opportunity for radioactive effect here and throughout the subarachnoid spaces, and in view of its partial obstruction to cerebrospinal fluid absorption with resultant hydrocephalus, we feel that the material should be unequivocally condemned for encephalography or ventriculography."
These authors thus predicted, as a result of the animal experiments, the possible occurrence of hydrocephalus and of damage to the cranial or spinal nerves. No other case of chronic damage to the nervous system appears to have been reported in the literature, presumably owing to the small number of cases in which Thorotrast was injected into the cerebral ventricles and the fatal nature of the conditions in which it was used.
The above changes in both animalsand man occurred within a short period after the injection of the drug and hence could very well be explained as a result of the irritant nature of the substance injected. In the present instance, however, the radio-active material has remained within the skull and the spinal theca for a period of thirteen years and hence certain of the changes may very well be due to radioactivity. That changes in the nervous system can occur as a result of radioactivity is now well established.
A series of 10 cases of radiation myelitis following irradiation of malignant conditions about the neck was reported by Boden (1948) and cases of hydrocephalus following irradiation of the scalp for fungoid infections have been described by Schaltenbrand (1935) and Lorey and Schaltenbrand (1932) . 1 have seen one similar case following irradiation of the orbit for a malignant tumour at the age of 9 years. In all 3 of these cases the brain was irradiated in childhood, hence it is uncertain if the same result would be produced by irradiation of the adult.
The cauda equina lesion in the present case could be explained satisfactorily on the basis of an arachnoiditis due to chemical irritation but again radioactivity must be taken into account as a possible contributory factor. It is, of course, a matter of dispute whether radiation myelitis is due to a direct action on the nervous tissue or whether it is secondary to changes in the blood vessels. The radioactivity of Thorotrast introduced into the body in small quantities is due largely to alpha particles, while the destructive effect of deep X-ray therapy is due to gamma radiations, the alpha and beta particles being filtered off by the superficial tissues. The alpha particles in particular are short in range and filtered off by a very thin layer of tissue, hence even when applied both to the inner and outer surfaces of the cerebral hemispheres Thorotrast would be unlikely to produce more than a very minor degree of brain atrophy as a direct action on the brain tissue. If the blood vessels were damaged, however, much more extensive changes could be produced. At the lower end of the spinal theca the comparatively thin roots of the cauda equina could sustain serious damage as a direct result of alpha particles.
There is a further possibility which must be considered in the present case and that is that the patient may ultimately develop malignant disease somewhere within the nervous system. The occurrence of malignant disease arising as a result of Thorotrast introduced into the systemic circulation is now well established and has been extensively investigated, but it is curious that this possibility has never been considered after the injection of the substance into the subarachnoid space. There is as yet no evidence of the presence of malignant disease in the present instance but it is my intention to keep this case under prolonged observation with this in view. For the last four years she has complained of very severe facial pain which has the typical qualities and precipitating factors of trigeminal neuralgia except for the tendency to a great deal of spontaneous pain and with an unusual seasonal incidence of pain, only from March to October. The pain is confined to the 2nd and 3rd divisions. In three seasons it has occurred on the right side and only once, in 1950, on the left. Soon after the onset this year she developed temporary numbness of the palate and tongue on one side and later blurring of vision, possibly of the left eye for about two weeks. Three months prior to admission she noticed slight weakness of the right arm and leg for about a month. In earlier life she had been liable to a beating noise in the head but has not noticed this for some years. For the past three years she has occasionally been unsteady in walking. into the straight sinus.
Brain-Stem
The diagnosis of disseminated sclerosis had been made in the neurological Out-patients of two London Teaching Hospitals.
The positive findings included: slightly below average intelligence.
Speech: variable slurred dysartbria.
Spontaneous nystagmus of rotatory quality to the left persisting on the upward and downward position of gaze.
The face is slightly smaller on the right and occasional clonic spasm present in the right cheek and over the lower jaw.
Minimal cerebellar,signs present in the right arm and leg.
In the left arm and leg slightly increased tone, weakness, increased reflexes and equivocal plantar response.
No impairment to any form of sensation. An extremely loud bruit audible over the right mastoid process which is only faintly heard over the right eye.
Hirsuties of the chin.
A right carotid arteriogram (Dr. G. Thompson) showed most of the dye in a large right posterior cerebral artery supplying a large posterior fossa angioma. A vertebral arteriogram showed rather clearer filling of the angiomatous mass, the posteigio; fossa being filled with vascular ramifications (Fig. 1) . In the A.P. view (Fig. 2) the main vessel is seen to lie in the mid-line and early drainage into the straight sinus is seen.
Dr. Wilfred Harris said that an angioma compressing the trigeminal nerve slightly at the base might cause pain somewhat resembling tic douloureux. Alcohol injection into the gasserian ganglion might relieve the pain for a time although peripheral to the site of irritation, just as he had seen injection of the infra-orbital nerve relieve maxillary neuralgia.
Dr. J. PurdonMartin said that he had encountered 2 cases of angioma of the brain-stem, which had been confirmed post mortem, and in both of them the course, because of its exacerbations and remissions, and also because of the nature of the signs, was very similar to that of disseminated sclerosis. He showed lantern slides illustrating the pathological findings in these 2 cases. Motor: All muscles were small and the intrinsic muscles of the hands seemed wasted. There was tenderness of both calves. There was generalized reduction of muscle tone and mild inco-ordination of all limbs with ataxia and mild Rombergism. Moderate weakness was found in all peripheral muscles. Tendon reflexes were absent throughout, abdominal reflexes present, both plantar responses persistently extensor.
Syndrome of Subacute Combined Degeneration
Sensation: There was hyperalgesia of the soles of both feet, loss of vibration sense in the toes with impairment in ankles and shins. Gross reduction of joint sense in the toes, reduction in light touch andpin-prick below the knees and slight subjective reduction of both in the fingers. J. M., male, aged 28. 1944 : Febrile illness whilst in Naples, in which he was somewhat drowsy. In hospital for some weeks. 1945: Discharged from Royal Navy with mitral stenosis. His mother noticed changed facial expression and slowness of his actions. He developed attacks in which the eyes rolled upwards and remained elevated for twenty minutes, about once or twice a week. Some dribbling from the left angle of the mouth. He developed some weakness of the arms, this gradually became more severe during the following years.
By 1949, weakness most marked in left arm and shoulder. In the past year, he has been unable to dress or shave himself. Weakness has spread to affect hands as well as upper arms. No weakness of the legs, but some cramp of the calves at night. Radio-active iodine uptake, 43 % in twenty-four hours. Electromyogram, normal motor unit response in form but great reduction in number of units. acting, also electrical confirmation of the clinical fasciculation.
Treatment.-In view of the raised B.M.R. he has been treated with thiouracil, but has not improved on this drug. The rigidity of the limbs has been helped with Artane 5 mg. b.d.
Comment.-This patient shows progressive weakness and wasting of the upper limbs with postencephalitic Parkinsonism and mild thyrotoxicosis. The latter is a not uncommon sequel of encephalitis lethargica-Risak (1934) described 8 cases. Chronic anterior horn cell degeneration giving a clinical picture closely resembling progressive muscular atrophy was recorded in the epidemic years of encephalitis lethargica by several authors-e.g. Froment (1925), Wimmer (1928) -the subject is reviewed by Kinnier Wilson (1940) . The electromyogram supports a neurogenic origin; thyrotoxic myopathy has been suggested but is unlikely in view of electromyogram finding and the failure to respond to thiouracil. October 1951: He became increasingly tired and developed slight intermittent tremor of the hands. August 1952-Had the first of three attacks of confusion and tremor. They commenced with generalized malaise, alternating feeling of hot and cold with increasing tremor of the hands and face.
Thereafter he became confused and was incontinent of urine. Temperature 960 F.
Attacks last two to three days, during which time he tended to sleep both day and night. Between these episodes he was mentally normal, although retaining a fixity of expression, slight tremor of the hands on movement and mild slurring dysarthria.
On examination.-A sallow complexioned, ill-looking man, with a lack of facial expression. Spider nevi present over the chest and arms with patchy brownish pigmentation of the lips. Liver dullness was decreased: no dilated veins. Mild slurring dysarthria. Pupils and fundi normal: no K.F. ring. Coarse irregular tremor of the protruded tongue and lower jaw: no palatal myoclonus. Coarse irregular tremor of flexion-extension type at the fingers and wrists on sustained posture, appearing a few moments after the act is initiated, and becoming worse on attempting any co-ordinated movement.
All POSTSCRIPT (March 1953) .-During November and December 1952 the patient continued to have intermittent attacks of tremor and confusion similar to those already described.
Towards the end of December he developed aedema of the lower extremities and abdominal distension with some ascites. From this time until his death there were no further episodes of confusion, although he was persistently slightly drowsy. The abnormal neurological signs previously noted had disappeared. His condition slowly deteriorated and it became clear that he was entering the terminal stage of hepatic failure. He died in coma on February 4, 1953.
Post-mortem examination showed a liver which was shrunken to half the normal size, and presented the macroscopic picture of a coarse nodular cirrhosis. The spleen was enlarged, soft and congested. There were no naked-eye changes in the central nervous system which could be related to the intermittent episodes observed or to the abnormal neurological signs discovered.-T. G. W.
Dr. Mic-iael Jefferson thought the occurrence of more or less transient episodes of disturbance of consciousness, ranging from slight confusion to deep coma, was a fairly well-recognized complication of hepatic cirrhosis, and seemed to be a different thing from terminal cholaemic stupor. Whitfield, A. G. W., and Arnott, W. M. (i951, Brit. med. J., ii, 1054) described 3 cases showing this feature, 1 of whom he had the chance to see. None presenited abnormal neurological signs, either apart from or during their attacks, and in 2, who later came to autopsy, there were no naked eye or microscopic lesions in the central nervous system which could be related to them. The mechanism of production of disordered consciousness in these cases was extremely obscure, but it must be presumed to depend upon a temporary and reversible biochemical upset. Birth was normal but mild jaundice was noted for the first three days and rectal htmorrhage occurred on the third and seventh days. There was a little difficulty in swallowing at first and the child's limbs appeared stiff causing some difficulty in dressing her. She has never been able to sit up unsupported or stand by herself.
Abnormal movements of the legs and arms were first noticed at the age of 2. Initially of slight severity, they have become more marked as the child has become older. The legs are more affected than the arms and the right arm more than the left. Isolated words were first said at the age of 4 and her speech has gradually improved but is hesitant and jerky. On examination the child appeared quite cheerful and of average intelligence. Her speech was slow and dysarthric. Apart from an exaggerated smile no abnormality of the cranial nerves was found.
Except for brief moments there were continuous involuntary movements of the legs and arms with the legs being much more affected than the arms. The movements were violent and rapid, occurring at all joints especially from the proximal ones. They were asynergic and ballismic in nature being intensified by voluntary effort or emotional factors. Tone was normal and no actual weakness of her limbs could be established. The plantar responses were flexor. Sensation was normal. It is suggested that this is a case of ballismus probably due to lesions of the subthalamic nuclei. The underlying pathology must remain obscure. The history of infantile jaundice suggested kernicterus but investigation of the blood groups of mother, father and child revealed no incompatibility.
Dr. J. Purdon Martin said that he would agree with the description of bilateral hemi-ballismus. He was horrified at the suggestion of cortical excision which had been made in discussion. He referred to the recent experimental work of Mettler and his co-workers who had shown that in monkeys hemichorea, consequent upon a lesion of the corpus luysi, could be abolished by destruction of the medial portion of the globus pallidus, or by division of the ansa lenticularis. History of damage to the head during a difficult labour. The pattern of the movements had not changed over the years but had increased in severity under conditions of stress. At these times he was rendered dysarthric by twitching at the left corner of the mouth.
Athetoid movements were present affecting chiefly the left hand and fingers, involuntary movements taking place at the shoulder and elbow only under conditions of stress. There was slight weakness in wrist and finger movements. Myoclonic contractions occurred at the left nasolabial fold resulting in dysarthria. On voluntary movement there was slight weakness at the left corner of the mouth with over-reaction on involuntary movements. An isolated involuntary movement involving the left foot was occasionally seen. His gait was slightly hemiplegic. The tendon reflexes and superficial abdominal reflexes were brisk and equal and the plantar reflexes flexor. There was no sensory loss.
Investigations including air encephalography did not reveal any significant abnormality. Dr. S. Allison, under whose care the patient had been, raised the question of surgical intervention, for it was considered that local excision of the hand and forearm areas would be a reasonable and effective exchange for his present state.
At operation (Mr. Wylie McKissock) the hand and forearm areas of the motor cortex were mapped out by stimulation (Dr. J. A. V. Bates) and excised by means of diathermy and suction, all grey matter being removed from the posterior part of the convolution down to the bottom of the Rolandic fissure. The depth of the excision here was nearly 2 cm. but anteriorly the convolution was shallower and the excision was 1 cm. The length of cortex removed measured 3 cm.
After operation he developed a flaccid paralysis and profound sensory loss affecting the left upper limb, moderate weakness of the lower limb and dysarthria. Within a few days well-marked spasticity developed in the left upper limb and tonic reflexes could be elicited. The sensory loss gradually disappeared over the course of a month and he began to show a return of voluntary movement at the shoulder and elbow but none at the wrist and fingers. The dysarthria and weakness of the left lower limb decreased and finally disappeared. His tendon reflexes were brisker on the left-hand side and the left plantar reflex was extensor.
Six weeks after operation power at the left shoulder and elbow had considerably improved, but there was no sign of return of any involuntary movements.
The patient expressed himself as being "very content" with the result of operation and was discharged on phenobarbitone prophylactically. The patient is a single man,. aged 30, complaining of callosities of the feet and severe deafness. History.-About four years ago he developed a troublesome callosity on the sole of the right foot which was somewhat painful at first. When excised a year ago it was found to have penetrated to the
